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plural pairs of electrodes which sandwich the piezoelectric
film and measure voltages between the electrodes, and
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COLLISION DETECTION SENSOR FOR
VEHICLE AND COLLISION DETECTION
DEVICE FOR VEHICLE

BACKGROUND OF THE INVENTION

Priority is claimed on Japanese Patent Application No.
2003-389167, filed Nov. 19, 2003, and Japanese Patent
Application No. 2003-389017, filed Nov. 19, 2003, the
contents of which are incorporated herein by reference.

1. Field of the Invention

The present invention relates to a collision detection
sensor for vehicles and a collision detection device for
vehicles which detect the collision of vehicles.

2. Description of Related Art

As a technology concerning a collision detection sensor
for a vehicle (or a collision detection device for a vehicle)
which detects collision of vehicles, there is one having many
sensor elements equipped with a piezoelectric film formed in
the shape of a hexagon, and the sensor elements are so as to
be flat by arranging them continuously (for example, refer to
Published Japanese Translation No. H08-509934 of the PCT
International Application). In such a collision detection
sensor for a vehicle, each sensor element is equipped with a
pair of electrodes which is arranged so that the electrodes
sandwich a piezoelectric film therebetween to detect volt-
ages, and the location and magnitude of a collision are
detected from the voltage measured by each sensor element.

However, the above-mentioned conventional collision
detection sensor for a vehicle (or collision detection equip-
ment for vehicles) has a problem in that manufacturing cost
is high since the piezoelectric film formed in the shape of a
hexagon needs to be arranged continuously so that the
arrangement is flat, and the each piezoelectric film arranged
continuously so as to be flat needs to be equipped with the
pair of electrodes for measuring voltages. In addition, in the
case in which temperature compensations or failure judg-
ments are performed, other sensors such as a temperature
sensor become necessary, and this point is also the cause of
problems that increase manufacturing cost.

The present invention was made in view of the above-
mentioned situations, and has objects of providing a colli-
sion detection sensor for a vehicle and a collision detection
device for a vehicle, which can reduce manufacturing cost.

SUMMARY OF THE INVENTION

In order to achieve the above-mentioned objects, the
present invention adopted the following.

That is, a collision detection sensor for a vehicle of the
present invention includes: a single piezoelectric film which
is flat; plural pairs of electrodes which sandwich the piezo-
electric film and measure voltages between the electrodes;
and spaces provided between the plural pairs of electrodes.

According to the collision detection sensor for a vehicle,
since the plural pairs of electrodes are provided on the
piezoelectric film which is flat with a space between each
pair of electrodes, in addition to the pressure applied on a
location at which the pair of electrodes are provided, the
pressure applied on a location at which the pair of electrodes
is not provided can also be detected by the pair of electrodes
which is located at a position which is away from a com-
pressed part on the piezoelectric film, by the stress trans-
ferring from the compressed part along the surface of the
piezoelectric film. Then, by analyzing the voltage of each
pair of electrodes immediately and completely, it is possible
to determine the type of collision and the magnitude of
collision force and to make a judgment of collision for
specifying the type of collision. Based on the judgment of
collision, it is possible to make suitable selection of safety
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devices for collision that should be activated. Therefore,
since it is not necessary to provide many piezoelectric films
in order, and since the number of the pairs of electrodes can
be reduced, manufacturing cost can be reduced.

Three or more pairs of the electrodes may be provided on
the same straight line.

In this case, detection accuracy can be improved. There-
fore, the type of collision and the magnitude of collision
force can be detected more accurately, and the judgment of
collision for specifying the type of collision can be made
more accurately, and thus it is possible to select suitable
devices that should be operated more appropriately.

The collision detection sensor for a vehicle may be
provided in the front bumper face of vehicles, and may serve
both as a collision detection sensor for detecting a collision
with a pedestrian and a collision detection sensor for con-
trolling operation of an air bag.

In this case, since the collision detection sensor for a
vehicle serves both as the collision detection sensor for
detecting a collision with a pedestrian and the collision
detection sensor for controlling operation of an air bag,
manufacturing cost can be further reduced. In addition, since
the collision detection sensor for a vehicle is provided in the
front bumper face, in the early stages of collision which is
before the body frame of the vehicle deforms, it is possible
to determine the type of collision and the magnitude of
collision force, and to make the judgment of collision for
specifying the type of collision.

Therefore, it is possible to select suitable devices that
should be operated and to activate the suitable devices at an
early stage.

A collision detection device for a vehicle of the present
invention includes: a collision detection sensor for a vehicle
which includes a single piezoelectric film which is flat, a
plurality of pairs of electrodes which sandwich the piezo-
electric film and measure voltages between the electrodes,
and spaces provided between the plural pairs of electrodes;
and a controller which detects collision of a vehicle based on
detected results by the collision detection sensor for a
vehicle; wherein in a state in which a predetermined voltage
is applied to one of the pairs of electrodes on the piezoelec-
tric film, the controller performs at least one of temperature
compensation and failure judgment based on detected results
by another pair of electrodes which is different from above-
mentioned one of the pairs of electrodes.

According to the collision detection device for a vehicle,
since it includes the collision detection sensor for a vehicle
having the plural pairs of electrodes which are provided with
a space between them on the piezoelectric film which is flat,
in addition to the pressure applied at a location at which the
pair of electrodes are provided, the pressure applied on a
location at which the pair of electrodes is not provided can
also be detected by the pair of electrodes which is located
away from a compressed part on the piezoelectric film, by
the stress transferring from the compressed part along the
surface of the piezoelectric film. Then, by analyzing the
voltage of each pair of electrodes immediately and com-
pletely, it is possible to determine the type of collision and
the magnitude of collision force and to make a judgment of
collision for specifying the type of collision. Based on the
judgment of collision, it is possible to make suitable selec-
tion of safety devices for collision that should be activated.
Therefore, since it is not necessary to provide many piezo-
electric films in order, and since the number of the pair of
electrodes can be reduced, manufacturing cost can be
reduced. In addition, in a state in which the controller applies
the predetermined voltage to one of the pairs of electrodes
on the piezoelectric film, a local deformation is produced on
the piezoelectric film, and a stress caused by the local
deformation is transferred along the surface of the piezo-



US 7,304,566 B2

3

electric film, and the stress can be detected by another pair
of electrodes located away from the above-mentioned one of
the pairs of electrodes. Furthermore, since the voltage mea-
sured by the above-mentioned another pair of electrodes
varies depending on the temperature, in contrast, it is
possible to estimate the temperature based on the voltage
measured by the above-mentioned another pair of elec-
trodes, and to perform temperature compensation based on
the estimated temperature. In addition, since the voltage
measured by the above-mentioned another pair of electrodes
should be held within a predetermined range, it is possible
to make a failure judgment (whether the condition is normal
or abnormal) based on the voltage whether it is held within
the predetermined range or not. Therefore, also in the point
that at least one of the temperature compensation and the
failure judgment can be performed without using other
sensors such as a temperature sensor, it can be said that the
manufacturing cost can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view schematically showing a front part
of a vehicle equipped with a collision detection sensor for a
vehicle (collision detection device for a vehicle) of a first
embodiment of the present invention.

FIG. 2 is a perspective view of the collision detection
sensor for a vehicle.

FIG. 3 is a characteristics diagram showing the output
characteristics of the collision detection sensor for a vehicle,
for various collision patterns.

DETAILED DESCRIPTION OF THE
INVENTION

FIRST EMBODIMENT

A first embodiment of a collision detection sensor for a
vehicle and a collision detection device for a vehicle accord-
ing to the present invention will be explained below with
reference to the figures.

As shown in FIG. 1, a collision detection sensor for a
vehicle (a collision detection sensor for a vehicle) 10 used in
a collision detection device 1 for vehicles of the present
embodiment is provided near the outer surface of a vehicle
11, and is used for detecting an input from the outside to
vehicles 11, i.e., a collision. Specifically, the collision detec-
tion sensor for a vehicle 10 is provided on an inner surface
of the front bumper face 12, and primarily detects a front
collision.

The collision detection sensor for a vehicle 10 is equipped
with a piezoelectric film 15 which continuously extends
along a plane as shown in FIG. 2. The piezoelectric film 15
is made of a macromolecular compound, and produces
electrical charge when deformed, and conversely, deforms
when electrical charge is applied.

Moreover, the collision detection sensor for a vehicle 10
includes electrode units 18 each having a pair of electrodes
17 which are arranged so that they sandwich the piezoelec-
tric film 15 from both sides in the thickness direction of the
piezoelectric film in a condition such that the positions of the
electrodes 17 are matched with each other, and each of the
electrode units 18 detects the electrical charge produced in
the piezoelectric film 15 as voltages. Plural above-men-
tioned electrode units 18 are provided on one piezoelectric
film 15 with predetermined spaces therebetween.

The piezoelectric film 15 has a rectangular shape extend-
ing along the horizontal direction, and three or more (six in
the example shown in FIG. 2) of the electrode units 18 are
provided along the length direction. That is, three or more of
the electrode units 18 are provided on the same straight line
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with predetermined spaces between them. The electrode
units 18 are provided at both end portions and a middle
portion in the length direction of the piezoelectric film 15,
and are arranged so that predetermined spaces are provided
between them.

The electrodes 17 of each of the electrode units 18 are
made of thin films formed in a rectangular shape, or a metal
paste, or a vapor deposited metal. Furthermore, the elec-
trodes 17 are pasted or painted or vapor deposited on the
piezoelectric film 15 so that it extends towards the total
width thereof. A wire 20 shown in FIG. 1 is connected to
each of the electrodes 17.

The above-mentioned collision detection sensor for a
vehicle 10 of the present embodiment is, although not shown
in the figures, directly installed on an inner surface of the
front bumper face 12 in a state such that the collision
detection sensor for a vehicle 10 is completely covered with
a pouch-shaped covering member made of, for example, an
insulation material; otherwise, the collision detection sensor
for a vehicle 10 may be installed on the inner surface of the
front bumper face 12 via a supporting plate made of a
synthetic resin material, etc. The state of the installed
collision detection sensor for a vehicle 10 will be in a
position in which the length direction of the piezoelectric
film 15 conforms to the width direction of the vehicle 11 so
that the plural electrode units 18 are aligned in the width
direction of the vehicle 11, and the width direction of the
piezoelectric film 15 conforms to the vertical direction.

The wires 20 of each of the electrode units 18 of the
collision detection sensor for a vehicle 10 are connected to
a signal conditioner 25 located in an engine compartment.
The signal conditioner 25 transfers electrical signals from
each of the electrode units 18 to a SRS (Supplemental
Restraint System) control unit (controller) 27 after process-
ing the electrical signals to increase signal intensity and to
reduce noise, etc. The above-mentioned collision detection
device for a vehicle 1 is composed of the collision detection
sensor for a vehicle 10, the signal conditioner 25, and the
SRS control unit 27.

The SRS control unit 27 judges the type of collision and
the magnitude of collision force, etc., based on the voltages
measured by each electrode unit 18. On the other hand, an
air bag device 29 which expands an air bag, a seat belt
winding device 30 which winds a seat belt forcibly, and an
engine hood lifting device 31 which lifts up an engine hood
forcibly, are provided on the vehicle 11 as safety devices for
collision. Furthermore, based on measurement data of the
collision detection sensor for a vehicle 10, speed data
measured by a speed sensor, which is not shown in figures,
etc., the SRS control unit 27 makes a judgment as to whether
the vehicle 11 collided with a pedestrian or with an object,
and then controls the operations of the air bag device 29, seat
belt winding device 30, and engine hood lifting device 31.

In the early stages of a collision, based on signals of each
electrode unit 18, the SRS control unit 27 estimates whether
the type of collision is a full lap collision or a pole collision
or an offset collision, and furthermore, in the case in which
the collision is estimated as being an offset collision, the
SRS control unit 27 also estimates whether the direction of
offset is left or right and further estimates the degree of offset
and the severity of the collision. Then the SRS control unit
27 makes judgments about the type of collision and the
severity of the collision using a G sensor (accelerometer) or
a satellite G sensor in the SRS control unit 27. Correspond-
ing to the judgment results of the type of collision and the
severity of the collision, the SRS control unit 27 controls
each operation of the air bag device 29, the seat belt winding
device 30, and the engine hood lifting device 31.

For example, as shown in FIG. 3, when the positions of
each electrode unit 18 arranged in the car width direction
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(positions (a) to (f) shown in FIG. 3 correspond to positions
(a) to () shown in FIG. 2) are taken as a horizontal axis, and
when the measurement of each electrode unit 18 at each
position is taken as a vertical axis, in the case in which the
vehicle 11 collides with a flat and hard wall which has a
broad surface area and is at a fixed location, the measure-
ments of the electrode units 18 become almost equal and are
high values. In this case, estimated values at each point
between each of the electrode units 18 can be obtained by
drawing a line which smoothly connects the measurements.
In this case, as shown by a solid line A in FIG. 3, estimated
values at each point between each of the electrode units 18
can be estimated so that they will have the same values as
the measurements. In the case in which this kind of data is
obtained, the SRS control unit 27 judges that the collision is
with something other than a pedestrian, and also judges that
the collision is classified to be in a destruction mode. Then,
in order to protect passengers, the SRS control unit 27 winds
the seat belts by the seat belt winding device 30 at a
predetermined timing, and also activates the air bag device
29 at a predetermined timing. That is, the collision detection
sensor for a vehicle 10 works as a collision detection sensor
which controls operation of an air bag.

In the case in which the vehicle 11 collides with a soft
object which is fixed at a fixed location, with an offset in the
car width direction, the measurements at each electrode unit
18 will be higher toward the electrode units 18 on the
collided side, and will be lower toward the non-collided
side, as indicated by a chain line B in FIG. 3 Also in this
case, by drawing a smooth curve, estimated values at each
point between each of the electrode units 18 can be obtained,
and furthermore, maximum value of the measurement which
indicates a collision force and a occurring position thereof
can be estimated. In this case, it can be understood that the
maximum value of the measurements occurred at one end
portion in the car width direction, and furthermore, that the
measurement values become relatively lower, and that the
occurring position spreads relatively broad. Also in this case,
the SRS control unit 27 judges that the collision is with
something other than a pedestrian, and also judges that the
collision is classified to be in a destruction mode. Then, in
order to protect passengers, the SRS control unit 27 winds
the seat belts by the seat belt winding device 30 at a
predetermined timing, and also activates the air bag device
29 at a predetermined timing.

Furthermore, in the case in which the vehicle 11 collides
at its middle of a front face in the car width direction with
a hard object, such as a telegraph pole, which has small
surface area and is fixed at a fixed location, the measure-
ments at each electrode unit 18 will be higher toward the
electrode units 18 on the collided side, and will be lower
toward the both end sides in the car width direction, as
indicated by a chain line C in FIG. 3. Also in this case, by
drawing a smooth curve, estimated values at each point
between each of the electrode units 18 can be obtained, and
furthermore, a maximum value of the measurements which
indicates a collision force and a position thereof can be
estimated. In this case, it can be understood that the maxi-
mum value of the measurements occurring at the center
position in the car width direction where the electrode unit
18 is not arranged, and furthermore, that the measurement
values become relatively higher. Also, in the case in which
this kind of data is obtained, the SRS control unit 27 judges
that the collision is with something other than a pedestrian,
and also judges that the collision is classified to be in a
destruction mode. Then, in order to protect passengers, the
SRS control unit 27 winds the seat belts by the seat belt
winding device 30 at a predetermined timing, and also
activates the air bag device 29 at a predetermined timing.
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Moreover, based on the maximum value of the above-
mentioned measurements which indicates the collision
force, it is possible to judge that the collision is not classified
to be in a destruction mode, but is classified to be in a
non-destruction mode, for example, such as a collision with
a curb stone. In the case in which the collision is in the
non-destruction mode, the SRS control unit 27 controls so
that, for example, the air bag device 29 will not be activated.

In the case in which the vehicle 11 collides at its middle
of a front face in the car width direction with a pedestrian,
the measurements at each electrode unit 18 will be higher
toward the electrode units 18 on the collided side, and will
be lower toward the two end sides in the car width direction,
as indicated by a chain line D in FIG. 3. Also in this case,
by drawing a smooth curve, estimated values at each point
between each of the electrode units 18 can be obtained, and
furthermore, maximum value of the measurements which
indicates a collision force and a position thereof can be
estimated. Also in this case, it can be understood that the
maximum value of the measurements occurs at the center
position in the car width direction where the electrode unit
18 is not arranged, and furthermore, that the measurement
values become relatively lower, and that the occurring
region of the measurements becomes a relatively narrower
region. In the case in which this kind of data is obtained, the
SRS control unit 27 judges that the collision is with a
pedestrian; then, in order to protect the pedestrian, the SRS
control unit 27 makes controls such as lifting up the engine
hood by activating the engine hood lifting device 31 at the
predetermined timing. That is, the collision detection sensor
for a vehicle 10 of the present invention also works as a
collision detection sensor for detecting a collision with a
pedestrian.

According to the above-mentioned collision detection
device for a vehicle 10 of the present invention, since the
plurality of electrode units 18 is provided on one piezoelec-
tric film 15 which is flat, with a space therebetween, in
addition to the pressure applied on a location at which the
electrode units 18 are provided, the pressure applied on a
location at which the electrode unit 18 is not provided can
also be detected by the electrode units 18 which is located
away from a compressed part on the piezoelectric film 15, by
the stress transferring from the compressed part along the
surface of the piezoelectric film 15. Then, by analyzing the
voltage of each pair of electrodes immediately and com-
pletely, it is possible to determine the type of collision and
the magnitude of collision force and to make a judgment of
on the collision to specify the type of collision. Based on the
judgment of collision, it is possible to make a suitable
selection of safety devices for collision that should be
activated. Therefore, since it is not necessary to provide
many piezoelectric films 15 in order, and since the number
of' the electrode units 18 can be reduced, manufacturing cost
can be reduced.

In addition, since more than three electrode units 18 are
provided on the almost the same straight line, detection
accuracy can be improved. Therefore, the type of collision
and the magnitude of collision force can be detected more
accurately, and the judgment of collision for specifying the
type of collision can be made more accurately, and thus it is
possible to select suitable devices that should be activated
more appropriately.

In addition, since the collision detection sensor for a
vehicle 10 of the present invention can serve both as a
collision detection sensor for detecting a collision with a
pedestrian and a collision detection sensor for controlling
operation of the air bag, manufacturing cost can be further
reduced. In addition, since the collision detection sensor for
a vehicle 10 is provided in the front bumper face 12, in the
early stages of collision which is before the deformation of
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a body frame of the vehicle deforms, it is possible to
determine the type of collision and the magnitude of colli-
sion force, and to make a determination on the collision to
determine the type of collision. Therefore, it is possible to
select suitable devices that should be activated and to
activate the suitable devices at an early stage.

SECOND EMBODIMENT

A second embodiment of a collision detection sensor for
a vehicle and a collision detection device for a vehicle
according to the present invention will be explained below.
Moreover, the same reference symbols will be applied to the
same components explained in the above-mentioned first
embodiment, and explanations thereof are omitted.

In a state in which a predetermined voltage is applied to
one of the electrode units 18 on the piezoelectric film 15, the
SRS control unit 27 of the present invention performs
temperature compensation and failure judgment based on
detected results by another electrode unit 18 which is
different from the above-mentioned one electrode unit 18.

Specifically, the SRS control unit 27 uses one of the
electrode units 18 as an electrode unit 18 for applying
temperature compensation voltage, and applies a predeter-
mined voltage to the electrode unit 18 for applying tem-
perature compensation voltage, at a timing, for example,
when an ignition key is turned on and thereafter at a
predetermined time interval. Furthermore, for each timing,
the SRS control unit 27 uses one of the electrode units 18
which is, for example, adjacent to the electrode unit 18 for
applying temperature compensation voltage as an electrode
unit 18 for measuring temperature compensation voltage,
and the SRS control unit 27 measures voltage by the
electrode unit 18 for measuring temperature compensation
voltage. That is, when the predetermined voltage is applied
to the piezoelectric film 15 via the electrode unit 18 for
applying temperature compensation voltage, a local defor-
mation is produced in the piezoelectric film 15, and a stress
caused by the local deformation of the piezoelectric film 15
is transterred along the surface of the piezoelectric film 15
and produces stress at the position of the electrode unit 18
for measuring temperature compensation voltage which is
away from the electrode unit 18 for applying temperature
compensation voltage, and then the stress produces the
voltage which is measurable by this electrode unit 18 for
measuring temperature compensation voltage.

The voltage measured by the electrode unit 18 for mea-
suring temperature compensation voltage changes depend-
ing on the temperature, that is, the voltage increases as the
temperature increases, while the voltage decreases as the
temperature decreases. The SRS control unit 27 stores a
table which defines the relationship between temperature
and voltage to be measured by the electrode unit 18 for
measuring temperature compensation voltage when the pre-
determined voltage is applied to the electrode unit 18 for
applying temperature compensation voltage. Furthermore,
the SRS control unit 27 estimates the temperature based on
the voltage measured by the electrode unit 18 for measuring
temperature compensation voltage with reference to the
table. In addition, the SRS control unit 27 stores a table
which defines corrections of the measurements for each
temperature, and when calculating the above-mentioned
measurements, the above-mentioned measurements are cor-
rected by the correction which is estimated based on the
temperature. As explained above, in a state in which the
predetermined voltage is applied to the piezoelectric film 15
via the electrode unit 18 for applying temperature compen-
sation voltage, temperature compensation is made based on
the measurement result of the electrode unit 18 for measur-
ing temperature compensation voltage which is different
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from the electrode unit 18 for applying temperature com-
pensation voltage. Then, a judgment of the above-mentioned
type of collision and the magnitude of collision force will be
made based on the measurements which were corrected by
the above-mentioned temperature compensation.

Furthermore, the SRS control unit 27 selects one prede-
termined electrode unit 18 as an electrode unit for applying
voltage for failure judgment 18, and applies predetermined
voltage on the electrode unit for applying voltage for failure
judgment 18, at a timing, for example, when an ignition key
is turned on. Furthermore, the SRS control unit 27 selects all
of the other electrode units 18 as electrode units for mea-
suring voltage for failure judgment 18 which are different
from the electrode unit for applying voltage for failure
judgment 18, and the SRS control unit 27 measures voltages
by these electrode units for measuring voltage for failure
judgment 18. The SRS control unit 27 has a table which
records allowable range of the voltages for each of the
electrode units for measuring voltage for failure judgment
18. When the voltages measured by each of the electrode
units for measuring voltage for failure judgment 18 are
compared with the table, and in the case in which the voltage
is out of the allowable range, the SRS control unit 27 judges
that the electrode unit for measuring voltage for failure
judgment 18 is malfunctioning. On the other hand, in the
case in which none of the electrode units for measuring
voltage for failure judgment 18 are out of the allowable
range, the SRS control unit 27 will make a failure judgment
that there is no failure. Moreover, the above-mentioned
failure judgment will be made at least twice by changing the
electrode unit for applying voltage for failure judgment 18,
that is, by changing the above-mentioned electrode unit for
applying voltage for failure judgment 18 to one of the
electrode units for measuring voltage for failure judgment
18 at the next failure judgment. In the case in which the
judgment is made in these failure judgments that one of the
electrode units for measuring voltage for failure judgment
18 is malfunctioning, then the SRS control unit 27 will
display an indication showing that the failure happened, for
example, on an instrument panel. In addition, the SRS
control unit 27 will judge the above-mentioned type of
collision and the degree of collision force after canceling the
measurements of the failed electrode units for measuring
voltage for failure judgment 18. Moreover, in a normal
operating state after turning on the ignition key, in the case
in which a measurement output for temperature compensa-
tion indicates impossible and abnormal temperature continu-
ously, based on this, the SRS control unit 27 can make a
failure judgment that the electrode unit 18 is malfunctioning.

Moreover, so that a collision occurring during executing
of the above-mentioned temperature compensation and fail-
ure judgment will not affect the results of the type of
collision and the degree of collision force, the voltage levels
to be measured by the electrode units 18 at the temperature
compensation and the failure judgment are made duly
smaller than the voltage levels to be measured by the
electrode units 18 in the collision.

As explained above, in the collision detection device for
a vehicle 1 of the present invention, the collision detection
sensor for a vehicle 10 includes a plurality of electrode units
18 which are provided with a space therebetween on the
piezoelectric film which is flat. By adopting this configura-
tion, in addition to the pressures applied on positions where
the electrode units 18 are provided, the pressures applied on
positions where the electrode units 18 are not provided can
also be detected by the electrode units 18 which are located
away from a compressed part on the piezoelectric film 15, by
the stress transferring from the compressed part along the
surface of the piezoelectric film 15. Then, by analyzing the
voltages of each of the electrode unit 18 immediately and
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completely, it is possible to determine the type of collision
and the magnitude of collision force and to make a judgment
of collision for specifying the type of collision. Furthermore,
based on the judgment of collision, it is possible to make
suitable selection of safety devices for collision that should
be activated. Therefore, since it is not necessary to provide
many piezoelectric films 15 in order, and since the number
of the electrode units 18 can be reduced, manufacturing cost
can be reduced.

In addition, in a state in which the SRS control unit 27
applies the predetermined voltage to one of the electrode
units 18 on the piezoelectric film 15, a local deformation is
produced on the piezoelectric film 15, and a stress caused by
the local deformation is transferred along the surface of the
piezoelectric film 15, and the stress can be detected by other
electrode units 18 located away from the above-mentioned
one electrode unit 18. Furthermore, since the voltages mea-
sured by the above-mentioned other electrode units 18 varies
depending on the temperature, in contrast, it is possible to
estimate the temperature based on the voltages measured by
the above-mentioned other electrode units 18, and to per-
form temperature compensation based on the estimated
temperature. In addition, since the voltages measured by the
above-mentioned other electrode units 18 should be held
within a predetermined range, it is possible to make a failure
judgment (whether the condition is normal or abnormal)
based on the voltages whether it is kept within the prede-
termined range or not. Therefore, also in the point that these
temperature compensation and failure judgments can be
performed without using other sensors such as a temperature
sensor, it can be said that the manufacturing cost can be
reduced.

Moreover, in each embodiment explained above, the
explanation has been made for the case in which the colli-
sion detection sensor for a vehicle 10 is provided on the
inner surface of the front bumper face 12, and mainly detects
a front collision. However, of course, it is possible, for
example, to provide the collision detection sensor for a
vehicle 10 on an inner surface of a rear bumper and to
mainly detect a rear collision, or to provide the collision
detection sensor for a vehicle 10 on an inner surface of
external plates of doors and to mainly detect a side collision.

In addition, in each embodiment explained above, the
explanation has been made for the case in which the elec-
trode units 18 are arranged along the length direction of the
piezoelectric film 15; however, it is possible to arrange the
electrode units 18 along both of the length direction and the
width direction (up and down direction) in a matrix and to
measure the voltages by each electrode unit 18.

Furthermore, in each embodiment explained above, the
signal conditioner 25 has a role of transferring low noise
signals to the SRS control unit 27 by increasing the signal
intensity; however, the signal conditioner 25 may have
functions, etc., to make some signal processing in the signal
conditioner 25 and then to make a judgment whether the
collision is with a pedestrian or with an object. In this case,
the signals from the signal conditioner 25 to the SRS control
unit 27 may employ either analog signals or digital signals.
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In addition, it is possible to adopt a configuration to
process all outputs from each electrode unit 18 by single
signal conditioner 25 as shown in FIG. 1; however, the
signal conditioner 25 may be independently provided for
each of the electrode units 18.

While preferred embodiments of the invention have been
described and illustrated above, it should be understood that
these are exemplary of the invention and are not to be
considered as limiting. Additions, omissions, substitutions,
and other modifications can be made without departing from
the spirit or scope of the present invention. Accordingly, the
invention is not to be considered as being limited by the
foregoing description, and is only limited by the scope of the
appended claims.

What is claimed is:
1. A collision detection device for a vehicle, comprising:
a collision detection sensor for the wvehicle, which
includes a single piezoelectric film which is flat, a
plurality of pairs of electrodes which sandwich the
piezoelectric film and measure voltages between the
electrodes, and spaces provided between the plurality
of pairs of electrodes; and
a controller which detects collision of the vehicle based
on detected results by the collision detection sensor for
the vehicle;
wherein the controller estimates collision forces at the
spaces by calculating a line which smoothly connects
measurements at the plurality of pairs of electrodes.
2. The collision detection device for a vehicle according
to claim 1, wherein
the controller determines a type of collision and a mag-
nitude of collision force based on voltages measured by
the plurality of pairs of electrodes.
3. The collision detection device for a vehicle according
to claim 1, wherein
three or more pairs of electrodes are provided linearly.
4. The collision detection device for a vehicle according
to claim 1, wherein
the collision detection sensor is provided in a front
bumper face of the vehicle, and
wherein the collision detection sensor is provided as a
sensor for detecting a collision with a pedestrian and as
a sensor for controlling operation of an air bag.
5. The collision detection device for a vehicle according
to claim 1, wherein
the plurality of pairs of electrodes include:
a first pair of electrodes, and
a second pair of electrodes; and
wherein in a state in which a predetermined voltage is
applied to the first pair of electrodes, the controller
performs at least one of temperature compensation and
failure judgment based on detected results of the sec-
ond pair of electrodes.



